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© MEDICAL MEASURING APPARATUS. 



© A medical measuring apparatus which enables a person to be inspected, such as patients and pregnant 
women and an attendant or the like, to perform a variety of medical measurements at home or the like. The 
apparatus enables a person such as a physician having a specialized knowledge to specify a person to be 
inspected, set measuring items, criterions and comments and commands, which are based on measurement 
results, in accordance with the condition of a disease, physical condition and constitution of an individual person 
to be inspected, circumstances or the like, and to execute judgment for the measurement results in accordance 
with the set criterions or the like and output comments and execute commands, and a person to be inspected to 
uses these comments and the results of commands, in accordance with the measurements results. 
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The present invention relates to a medical measurement apparatus for allowing not only med.cal exerts 
but also patients, pregnant women and their attendants or helpers to readily perform medical measuremen 

5 in medical institutions or elsewhere (e.g., at home). More particularly, the invention relates to a med.ca 
measurement apparatus which permits health-care or medical exerts such as doctors to .dent.fy the subject 
such as a patient or a pregnant woman and to set appropriate comments about that subject w.th respect to 
relevant measuring items, to the criteria for judgment and to the measured results, the comments being 
utilized by the subject depending on the measured results. 

,o The medical measurement apparatus of this invention allows medical measurement to be made by 
patients or pregnant women themselves as well as by their attendants or helpers. As a matter of 
convenience, the specification hereunder will refer to the patient, pregnant woman, etc. from whom to 
collect specimens as "the subject," and the person operating the inventive medical measurement apparatus 
for measuring the collected specimens as "the operator." The subject and the operator may or may not be 

75 the same person. 

BACKGROUND ART 

A large number of medical measurement systems and apparatuses have been developed for easy use 
by the patients, pregnant women or their attendants carrying out various kinds of medical measurement on 
their own. The measurements include such items as blood pressure, urine sugar level, urine prote.n and 
occult blood, as well as pregnancy tests and observation of mothers' conditions. 

Many of the conventional systems and apparatuses utilize test liquids and test paper. In operation, such 
testing agents require visually inspecting the change in color tone dependent of the amount of the target 
analyte detected in specimens, whereby the measurements are determined. 

Recent years have seen the advent of many other apparatuses that convert an optically measured color 
tone change into electrical signals or turn the target analyte amount (i.e., concentration) in the specimen into 
electrical signals. The signals thus obtained are used as the basis for computing measurements that are 
displayed numerically and/or graphically on a display unit (see Japanese Patents Laid-Open Nos. Sho 61- 

30 83944, Sho 63-61157, etc.). .♦„■„«,«, 
Some medical measurement systems performing electrical measurement store measured results in the 
past on a number of occasions and allow them to be retrieved later and displayed as needed to make more 
accurate medical measurement and diagnosis. Other systems comprise a mechanism that generates an 
alarm if the measuring conditions such as temperature and the target analyte concentration in the specimen 
35 are not appropriate (see Japanese Patents Laid-Open Nos. Sho 63-157040, Sho 61-47565. etc.). 

Japanese Patent Laid-Open No. Hei 5-296851 discloses a body temperature data management system 
comprising a clinical thermometer equipped with an LED. When the LED on the clinical thermometer blinks 
to generate digital signals representing body temperature measurements of the subject on a time series 
basis the system properly reads the optical signals to have the body temperature data transferred thereto 
40 in a cord-free environment. The body temperature data is stored along with ID information on the subject 
and the time stamps of measurement, to be displayed later graphically or otherwise on a display unit. 

The majority of the conventional medical measurement systems and apparatuses have their measuring 
items fixedly determined beforehand, and numerically display such diverse measurements as urine sugar 
level and blood pressure. The judgment on the measured results is entrusted to the operator (i.e., subject) 
45 who may have no specialized knowledge of the field in question. 

Some systems have the ability to judge and indicate that a particular measurement is excessively high 
or low (too large, too small, etc.) relative to the relevant standard range (see Japanese Patent Laid-Open 
No. Sho 61-73058). However, such judgments are set generally for all subjects; judgments tailored to 
individual subjects cannot be performed. 

If the medical measurement systems with a measurement storage feature measure irrelevant subjects 
or perform measurement under faulty ambient conditions, such measurements are still stored unchecked^ 
When viewed later by doctors and other experts, totally irrelevant measurements can be taken as valid 
clinical data, which can result in misdiagnosis. 

The above-cited body temperature data management system disclosed in Japanese Patent Laid-Open 
No Hei 5-296851 has the function of managing body temperature data based on the ID information about 
specific subjects. This system, too, simply measures body temperatures and stores the measurements in a 
fixed manner. The system has no capability for making appropriate and fine-tuned judgments tailored to 
individual subjects on the basis of their body temperature data. 
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In recent years, various forms of remotely provided medical care (generally called home care) have 
been on the rise. In particular, patients with chronic diseases or in the chronic stage of their disorders are 
often taken care of at home and not in the hospital, with a view to improving the quality of life for the 
patients. For example, patients who are bedridden due to cerebral disorders or because of their advanced 

5 ages, patients with chronic nephritis, diabetes, cancer, coronary and hepatic disorders, infertile women, and 
pregnant women are fit to receive home care. These home-care or self-managing patients live outside 
medical institutions and thus require more adequate and rigorous supervision by doctors and other experts 
than in-patients. The home-care patients are apt to become anxious about their conditions, and the doctors 
and experts in charge of thes 3 patients are required to spend much more time on them than on in-patients 

10 in terms of remotely conduc+ed examination and consultations by telephone. Because of the current 
constraints on the number of doctors and experts and on the facilities available for home care, there is an 
urgent need for medical care management technology for caring individual patients efficiently, appropriately 
and in an individually customized manner. 

The conventional techniques are capable of managing a large number of patients in a fixed manner, but 

75 are incapable of establishing or modifying the measuring conditions, the criteria for judgment, or cor- 
responding remedies and treatments for individual patients. Because important judgments are left for the 
patient to make, it is difficult for the experts managing the system to deal with sudden changes in the 
patient's conditions quickly and adequately. Although there exist means of communication and data transfer 
systems which the doctors or experts may use to manage and transfer the measured data on patients in 

20 remote locations, the fact remains that the doctors or experts in charge must keep constant surveillance 
over the data on numerous patients. Despite the dedicated facilities and human resources, the patients are 
unable to feel reassured that they are adequately taken care of based on their measured results. The 
means and systems for communicating and transferring measured data between remote locations are 
apparently effective in reducing the number of times each patient visits the hospital or the number of times 

25 the patient is personally examined by the doctor. However, what these facilities can do is simply to replace 
the hospital visits or the examinations in hospital with transfers of data or judgments on those data remotely 
made. There have yet to be solutions to the problems of how to reassure both the patient and the doctor 
about the effectiveness of home care while alleviating the burdens on both of them in a home-care 
environment. 

30 One solution to such problems is a home care support system that connects patients 1 terminals with a 
central control unit via means of communication (as disclosed in Japanese Patent Laid-Open No. Hei 4- 
15035). This system, dependent on computer-based communications, requires its central control unit to 
judge information input through the patients' terminals (ID inquiry, measured data, answers to questions) 
and to transmit the judged results to the terminals. If the means of communication becomes faulty or 

35 unavailable, measuring operations may not be carried out or the judged results may not be transmitted. 
This can cause serious medical problems to patients who must take emergency measurements or who 
need continuous testing. Furthermore, the system does not allow the doctor to manage individual patients 
on the basis of time information (i.e., time stamps of measurements) or of the measuring items. Because 
unnecessary or irrelevant measurements cannot be excluded, the system is incapable of administering 

40 home care effectively. 

DISCLOSURE OF THE INVENTION 

It is therefore an object of the present invention to overcome the above and other deficiencies and 
45 disadvantages of the prior art and to provide a medical measurement apparatus allowing the subject such 
as patients and pregnant women or their attendants to conduct various kinds of medical measurement at 
home or elsewhere outside medical institutions. With the subject identified and with the individual's 
symptoms, physical conditions, constitution and environment verified, a doctor or a medical expert with 
specialized knowledge sets to the apparatus the measuring items, the criteria for judgment, and comments 
so and/or commands corresponding to the measured results. Given the criteria and other relevant items, the 
apparatus outputs judgments on the measured results, and issues appropriate comments and executes 
commands in keeping with such judgments. The subject can then make effective use of such comments 
and the result of command execution in accordance with the measured results. 

In achieving the foregoing and other objects of the present invention and according to one aspect 
55 thereof, there is provided a medical measurement apparatus comprising a measuring unit for outputting 
electrical signals in accordance with the amount of a target analyte measured in a specimen, and a control 
unit. The control unit includes: identification means for receiving identification data specific to a subject and 
for identifying that subject on the basis of the identification data; criterion setting means only for use by a 

3 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Ro 1 is a conceptual view of an example of the medica. measurement apparatus practiced as the 
^ * aTe^o^^^ of the output section in the measuring unit of the embodiment 

Fig' 1 ! is a schematic exp.oded perspective view of an example of the analyzing section in the measuring 
unit of the embodiment in Fig. 1; assembled- 

and the control unit of the embodiment, controller of the embodiment; 

sr^r - ™*" « - - mi,,e °' ,yp,oa ' s,8ps con * o * d by me cortra " e ' 01 to 

embodiment; twr , ina i o t p n ^ oerformed by the operator of the embodiment; 

unit of the embodiment acts in response. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The preferred embodiment of the invention will now be described with reference to the accompanying 
drawings. 

5 Fig. 1 is a conceptual view of a medical measurement apparatus practiced as the preferred embodi- 

ment of the invention. 

The medical measurement apparatus 10 in Fig. 1 is one which allows not only health-care professionals 
such as doctors and nurses but also the subject such as patients, pregnant women and their attendants to 
readily perform medical measurement (testing) in medical institutions or elsewhere (e.g., at home). As 

w illustrated, the medical measurement apparatus 10 primarily comprises a measuring unit 12 and a control 
unit 14 that receives data from the measuring unit 12 so as to output and display measurements. The 
control unit 14 includes a control unit body 16, and input means such as a keyboard 18 and a mouse 20 
used to input various conditions and the subject's ID data to the system. The control unit body 16 is 
equipped with a display unit 22 that displays measured results and various comments. 

15 The control unit 1 4 further comprises a drive unit 28 that writes and reads data to and from a storage 
medium for preserving measured results and personal information. The storage medium may be a floppy 
disc, a hard disc, an optical disc, a magneto-optical disc, an IC card, an IC memory card, an optical card or 
a magnetic card. The control unit 14 has a communication line 24 connected as needed to a host computer 
or a server at the controller's site in medical institutions. The drive unit 28 may be incorporated in, or 

20 attached externally to (or auxiliary), the control unit 14. 

The input means of the invention may be something other than the keyboard 18 or mouse 20 
illustrated; it may be a push button arrangement, a pen input device, a touch panel or a voice input unit. 
The input means may utilize a storage medium such as a magnetic card, an IC card, an optical card, an IC 
memory card or a floppy disc. All known input means may be usable with the invention. The display unit 22 

25 may be an LCD, a CRT unit or a voice output unit, or it may be a hard copy output device such as a 
printer. The display on the screen may include not only characters but also pictures including animations. 

A plurality of input means and display means may be provided in suitable combination. For example, 
operating instructions, entry prompts and/or experts 1 comments may be displayed in characters and 
pictures or may be output in voice. Such arrangements will make the operation of the apparatus easier and 

30 subject to fewer errors. When comments are printed out in hard copy, they can be preserved for later use 
by the operator. 

The measuring unit 12 has a section for taking measurements of the subjects specific parts, a section 
for receiving a specimen collected from the subject, or a section for accommodating test paper or a sample 
holder containing the specimen. With measurements taken, the measuring unit 12 outputs electrical signals 
35 representative of the subject's measuring item or of the amount of the target analyte in the specimen. In 
Fig. 1, the measuring unit 12 is composed of an analyzing section 12a such as a sensor chip and of an 
output section for converting the output from the analyzing section 12a into electrical signals for output to 
the control unit 1 4. 

The analyzing section 12a may be either incorporated beforehand in the output section 12b, or may be 
40 attached (i.e., loaded) to the output section 12b at the time of measurement. 

The medical measurement apparatus 10 of the invention is not limited in terms of the way in which the 
measuring unit 12 (analyzing section 12a) generates (outputs) signals representing the amount of the target 
analyte in the specimen, i.e., in the way the target analyte amount is measured. Any known specific 
analysis methods may be utilized. Preferably, the measuring unit 12 should make use of immunoassay, 
45 nucleic acid assay, ligand-receptor assay or the like. The most preferred method of analysis is immunoas- 
say. 

Specific reactions of the target analyte under test may be obtained and reaction-caused changes may 
be detected with the apparatus. In such cases, a conductivity meter is used if changes are caused in 
conductivity by reaction; a potentiometer is used if potential differences are brought about by reaction; a 
so potentiostat, a coulomb meter, an ammeter or other appropriate electrical measuring device is used if the 
reaction involved is an electrochemical reaction; a fluorometer is used if the reaction entails fluorescence; a 
luminometer is used if the reaction is accompanied by luminescence; and a color-difference meter, a 
photometer or a reflectometer is used if the reaction involves coloration. Preferably, the electrical measuring 
device should be employed. 

55 Fig. 2 is a circuit diagram of the output section 12b in the measuring unit 12 of the embodiment, the 
output section 12b generating electrical signals representing the amount of the target analyte detected in 
the subject's specimen through electrochemical reaction. A WE terminal 30 and a CE terminal 32 are 
connected respectively to a working electrode and a counter electrode terminal of the analyzing section 

5 
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12a. A D/A terminal 34 and an A/D terminal 36 are connected respectively to a digital-analog (D/A) 
conversion circuit terminal and an analog-digital (A/D) conversion circuit terminal of the control unit 14. With 
this embodiment, the D/A and A/D conversion circuits are located in a multi-function data I/O board AT-MIO- 
16X (from National Instruments) housed in the control unit body 16. The example of Fig. 2 constitutes a 

5 potentiostat circuit. The potential output by the control unit 14 via the D/A terminal 34 is applied between 
the working electrode and counter electrode terminals of the analyzing section 12a. A current flows through 
the working electrode terminal of the analyzing section 12a in response to the amount of the target analyte 
in the specimen. The detected current is converted to a potential by a current-potential conversion circuit, 
and the potential is amplified by an amplifier circuit to form electrical signals that are sent to the control unit 

10 14 via the A/D terminal 36. 

The control unit 14 computes values form the received electrical signals. The computed values are 
compared with criteria that have been set beforehand by the controller for the subject in question. The 
control unit 14 then outputs a controller-predetermined judgment on the measured results, or output 
comments or executes commands in keeping with the judgment. 

75 The analyzing section 12a that generates electrical signals representing the amount of the target 
analyte in the subject's specimen through electrochemical reaction may be any one of diverse sensors 
including an enzyme sensor, an immunosensor, a nucleic acid sensor, a microorganism sensor, a 
biosensor, a chemical sensor, a semiconductor sensor and a gas sensor (A.P.F. Turner, I. Karube and G.S. 
Wilson, Biosensors - Fundamentals and Applications, 1987; Electrochemical Sensors in Immunological 

20 Analysis, 1987; E.A.H. Hall, Biosensors, 1990). 

Below is a description of an analyzing section adopting an electrochemical enzyme immunoassay 
technique known as MEDIA (mediator diffusion-controlled immunoassay), as disclosed in Japanese Patent 
Laid-Open No. Hei 5-264552. Figs. 3 and 4 are schematic views of such an analyzing section 12a. 

This type of analyzing section 12a employs urine as specimen liquid to assay the quantity of urine hCG 

25 (human chorionic gonadotropin). The result of the assay is used for diagnosis of pregnancy. 

The analyzing section 12a has an acrylic lower plate 66 supporting an absorber 64 in the form of a 
round cellulose filter paper (12 mm diameter) impregnated with a mixture of hydrogen peroxide and urea 
and freeze-dried. As illustrated, the absorber 64 has a sealing portion 64a on the upper side surface of the 
absorber 64 (this side will be regarded as the face and the other side as the back). The sealing portion 64a 

30 of a round, liquid-impermeable seal (6 mm diameter) is pasted on the central portion of the upper side 
surface of the absorber 64. 

Above the absorber 64 is a stack of round, porous, anti-hCG antibody-insoiubihzed membrane 62 (13 

mm diameter). . ^ 

An electrode plate 60 is placed on top of the antibody-insolubilized membrane 62. The electrode plate 
35 60 is made of a PET film (18 x 44 mm). The face and the back of the PET film have a ring-like silver 
electrode (6 mm in outer diameter, 3 mm in inner diameter) and a ring-like carbon electrode (6 mm in outer 
diameter, 3 mm in inner diameter) screen-printed respectively thereon, the two electrodes being axially 
aligned. Thus the electrode plate 60 has the ring-like shaped silver printed electrode (counter electrode 72) 
on its face and the ring-like shaped carbon printed electrode (working electrode 74) on its back. A counter 
electrode terminal 72a and a working electrode terminal 74a are connected respectively to the counter 
electrode 72 and the working electrode 74. Conductors other than the ring-like shaped electrodes (72 and 
74) and the terminals (72a and 74a) are covered with resist ink and are not exposed. The electrode plate 60 
also has a through hole 70 (3 mm diameter) that penetrates the center of the two electrodes. The electrode 
plate 60 is mounted so that the through hole 70 is aligned axially with the antibody-insolubilized membrane 
62. The through hole 70 is fitted with a connecting part 58 made of a round, glass fiber filter paper (3 mm 
diameter). 

On top of the electrode plate 60 is placed a round, glass fiber filter paper 56 (12 mm diameter) treated 
by surface active agent. The filter paper 56 is axially aligned with the through hole 70. A round, liquid- 
impermeable seal (6 mm diameter) is pasted as a sealing part 56a onto the center portion of the surface of 
so the glass fiber filter paper 56. 

Over the glass fiber filter paper 56 is an enzyme labeled antibody-impregnated part 54 axially aligned 
with the filter paper 56 below. The enzyme labeled antibody-impregnated part 54 has peroxidase enzyme 
labeled anti-hCG antibody solution impregnated in a round glass fiber filter paper (12 mm diameter) and 
freeze-dried therein. A round, nonwoven fabric portion (12 mm diameter) is further placed as a filter part 52 
55 onto the enzyme labeled antibody-impregnated part 54. 

The analyzing section 12a is topped with an acrylic upper plate 50 having a specimen inlet port 50a (6 
mm diameter). The specimen inlet port 50a of the upper plate 50 is axially aligned with the filter part 52 
below. The analyzing section 12a is assembled by screwing the upper plate 50 to the lower plate 66. 

6 
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For analysis, the working electrode terminal 74a conducting to the working electrode 74 of the analyzing 
section 12a is connected to the WE terminal 30 of the output section 12b; the counter electrode terminal 
72a conducting to the counter electrode 72 is connected to the CE terminal 32 of the output section 12b. 
Alternatively, the analyzing section 12a and output section 12b may be integrated so that the working 
5 electrode terminal 74a and the counter electrode terminal 72a double respectively as the WE terminal 30 
and the CE terminal 32. 

The operator introduces a urine specimen together with an electron mediator compound such as p- 
benzoquinone into the specimen inlet port 50a of the analyzing section 12a. Measurement is started by the 
operator pushing a measurement start button on the control unit 14, to be described later. 

10 With measurement started, the control unit 14 causes the output section 12b to apply a potential of 

-200 mV between the working electrode 74 (terminal 74a) and the counter electrode 72 (terminal 72a) of the 
analyzing section 12a, and measures the reduction current through the working electrode 74 every second. 
Current measurements taken over three to five minutes following the start of measurement are averaged. 
The average is put into standardized relational functions incorporated in advance into the arithmetic 

15 processing mechanism in the control unit 14, whereby the hCG concentration in the specimen is computed. 
The computed value is compared with the criteria established by the controller in the control unit 14. 

The liquid specimen introduced into the analyzing section 12a in the manner described passes through 
the filter part 52 that removes aggregates and other impurities from the liquid. The specimen liquid then 
dissolves the enzyme labeled antibody of the enzyme labeled antibody-impregnated part 54, bypasses the 

20 sealing part 56a and flows into the glass fiber filter paper 56. During that time, the hCG antigen in the 
specimen liquid is bound with the enzyme labeled antibody to form an antigen-enzyme labeled antibody 
complex. The liquid specimen further passes through the connecting part 58 and the through hole 70 of the 
electrode plate 60 to enter the antibody insolubilized membranes 62, bypassing the sealing portion 64a 
below. The liquid penetrates through the antibody insolubilized membranes 62 radially from the center to 

25 the periphery, to be absorbed into the absorber 64 to dissolve a sufficient amount of enzyme substrate 
therein. 

While the specimen liquid is penetrating through the antibody insolubilized membrane 62 radially, the 
antigen-enzyme labeled antibody complex mentioned above is further bound with an insolubilized antibody 
to form a sandwich type complex (insolubilized antibody-antigen-labeled antibody complex). For this to take 

30 place, the antibody insolubilized membrane 62 have a distribution of the labeling enzyme formed in 
accordance with the amount of the antigen by the sandwich-type binding to the labeled antibody and the 
insolubilized antibody. That is, the greater the amount of the antigen in the specimen liquid, the more 
localized the labeled enzyme toward the center of the round antibody insolubilized membrane 62. 
Conversely, the smaller the amount of the antigen in the specimen liquid, the more dispersed the labeling 

35 enzyme throughout the antibody insolubilized membrane 62. 

In the analyzing section 12a utilizing the MEDIA method, the electron mediator mediates between the 
ring-like shaped working electrode 74 contacting the center portion of the antibody insolubilized membranes 
62 on the one hand, and the labeling enzyme distributed in the antibody insolubilized membrane 62 on the 
other hand. Through mediation of the electron mediator, the oxidation reduction reaction of the labeling 

40 enzyme is measured as a current. In the example above, p-benzoquinone (i.e., electron mediator) mediates 
recyclically between the reaction of peroxidase (labeling enzyme) with the hydrogen peroxide substrate on 
the one hand, and the electrode reaction of the working electrode 74 on the other. In this setup, the 
reduction current of the electron mediator caused by the electrode reaction at the working electrode 74 is 
measured. The reduction current whose intensity depends on the mass transfer through diffusion of the 

45 electron mediator is significantly affected by the distance distribution between the labeling enzyme 
molecules and the working electrode 74. Thus the larger the number of labeling enzyme molecules 
localized toward the center of the antibody insolubilized membranes 62 due to a high amount of the antigen 
in the specimen, the larger the current. Conversely, the more dispersed the labeling enzyme molecules 
throughout the antibody insolubilized membranes 62 due to a low amount of the antigen in the specimen, 

so the smaller the current. It follows that with standardized relational functions obtained by prior analysis of 
specimens containing the antigen of standard concentration, the concentration of the antigen in the 
specimen in question is computed from the current value in the form of electrical signals. 

Described above is the example in which the measuring unit 12 made of the analyzing section 12a and 
output section 12b utilizes electrochemical reaction. Alternatively, any other method or means for generating 

55 electrical signals reflecting the amount of the target analyte in the specimen may be used as the measuring 
unit 12 of the medical measurement apparatus embodying the invention. 

The signals from the measuring unit 12 (i.e., measurements obtained by the measuring unit 12) are sent 
to the control unit 14. 

7 
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As illustrated, the control unit 14 comprises the control unit body 16 having the display unit 22, the 
keyboard 18, and the mouse 20 that may be attached as needed. Given the signals from the measur.ng unit 
12 the control unit 14 computes the measured results and displays the measured results on the display 
unit 22 along with relevant comments. The control unit 14 may also execute commands in accordance with 
the acquired measurements. The control unit body 16 is a processing unit incorporating a microprocessor. 
The processing unit should preferably a computer or the like in view of versatility and expandabHity. This 
embodiment utilizes the lap-top computer Portable 486c (from Compaq) that is partially expanded. The 
above-described measuring unit may be either incorporated in the control unit body 16 or attached thereto 
externally 

The control unit 14 is not limited to a computer. It may be any device which permits the use of a 
processing unit, a storage unit, a display unit and an input unit and which connects to or incorporates a 
measuring unit. Another alternative is to integrate the control unit and the measuring unit. 

A major application of the inventive medical measurement apparatus is found in the situation of 
remotely provided medical care such as a home-care setup. Typical configurations of the apparatus for 
75 remotely provided medical care will now be described. 

Where the control unit 14 of the measuring unit 12 is made portable, the controller such as a doctor 
stores the criteria for judgment and the comments or commands about the acquired measured results with 
respect to the criteria into the storage means of the control unit 14, and hands the control unit 14 over to 
the operator The storage means in the control unit 14 may be any one of a backed-up RAM, a hard disc, a 
magneto-optical disc, a floppy disc, an IC card, an IC memory card, an optical card and a magnetic card. 
The operator carries the control unit 14 home or somewhere outside for measurement, takes measurements 
on the spot and acts on the results using the criteria and comments or commands established by the 
controller When paying a visit to the controller, the operator carries with him the control unit 14. The 
controller then retrieves the measurements from the storage means for reference. Such stored measure- 
ments may be used not only as information by which the operator or the subject has a better understanding 
of his pathologic condition, but also as information according to which the controller diagnoses the subject. 
Depending on the circumstances or condition of the subject, the controller may modify the criteria or the 
comments or commands regarding the measurements with respect to the criteria, store the modifications in 
the storage means of the control unit 14, and hand the control unit 14 back to the operator. 

Even where the control unit 14 is not arranged to be portable, the controller such as a doctor may 
modify the criteria or the comments or commands regarding the measurements with respect to the critena, 
store the modifications into portable storage means of the control unit 14 via the host computer or server, 
and hand the storage means back to the operator. The portable storage means may be any one of an IC 
card an IC memory card, an optical card, a magnetic card, a floppy disc, a hard disc card, an optical disc 
and a magneto-optical disc (MO). For measurement, the operator connects the storage means to the control 
unit 14 located at home or somewhere outside, takes measurements on the spot, and acts on the results 
wherever he is by use of the criteria and comments or commands established by the controller. The 
measured results are stored into the storage means. When paying a visit to the controller, the operator 
carries with him the storage means. The controller then retrieves the measurements from the storage 
40 means for reference using the control unit body as the host computer. Depending on the circumstances or 
condition of the subject, the controller may modify the criteria or the comments or commands regarding the 
measured results with respect to the criteria, store the modifications into the storage means, and hand the 
storage means back to the operator. . 

In the above configurations of the apparatus, fine-tuned diagnostic settings are available for individual 
45 subjects In that case, both the controller and the subject feel reassured that the subject is being property 
cared for under the controller's supervision. It is then possible for the measured results to be judged quickly 
according to the controller-established criteria so that relevant comments or commands prompt the operator 
or the subject to take appropriate action or to suppress unnecessary behavior. As a result, the burdens on 
the controller, the operator and the subject are all alleviated, 
so Another application of this apparatus is a configuration comprising communication lines or networks, in 
this case, the control unit 14 is composed of a control unit body acting as the host computer or server, and 
of one or a plurality of terminals or clients each including a measuring unit 12. This system configuration 
connects the host computer or server on the controller's side with the subject's terminal or client using a 
communication line 24 or the like. The controller may then take note of the subject's pathologic condition in 
55 real time issue appropriate instructions and/or take relevant action accordingly. 

In a relatively restricted area such as inside the hospital, a LAN setup illustratively based on the 
Ethernet may be used for communication purposes. Where remote locations are involved, a leased line 
network or a public network may be employed. The communication line may be either a physical line such 
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as a telephone line or wireless circuits such as those utilizing a communication satellite. 

Fig. 5 is a schematic view showing typical signal connections between the measuring unit 12, the 
control unit 14 and a host computer or server 100. The storage means of the control unit 14 or that of both 
the control unit 14 and the host computer or server 100 accommodates a group of control commands for 

5 controlling the measuring unit 12 during measurement, the criteria for judgment established by the 
controller, and comments and commands about the measured results with respect to the criteria. The 
storage means may be any one of a ROM, a backed-up RAM, a card medium 16a and 102 such as an IC 
card, an fC memory card, an optical card and a magnetic card; and a storage medium 16b and 104 such as 
a hard disc, a magneto-optical disc, a floppy disc, a magnetic tape and a DAT. In Fig. 5, reference numeral 

w 106 indicates input means such a mouse and a keyboard of the host computer or server 100, and reference 
numeral 108 is a display unit of the host computer or server 100. 

Below is an example in which the controller establishes various diagnostic settings using the host 
computer or server 100, with a remotely located operator using the control unit 14 for measurement and 
medical care via the communication line 24. 

75 For this example, it is assumed that at least the control unit 14 stores a group of control commands for 

controlling the control unit 14. 

When the operator starts the control unit 14, a group of control commands is retrieved from the storage 
means of the control unit 14 to control the control unit 14. With measurement completed, the measured 
results are written to the storage means of the controller's host computer or server 100 and/or to the 

20 storage means of the control unit 14. Where necessary, the controller may retrieve for reference the 
measurements from the storage means of the host computer or server 100. On the basis of the measured 
results, the controller may operate the host computer or server 100 to modify as needed the criteria for 
judgment as well as the comments and/or commands about the measurements with respect to the criteria. 
The above scheme allows the control unit 14 to make measurement even if the communication line 

25 becomes faulty. Thus the scheme is safe and preferable. 

The measured results may be stored in one or both of the two storage means: one for the control unit 
14 on the operator's side, the other for the host computer or server 100 on the controller's side. The 
measured results may include computed values regarding the target analyte in the specimen, the operator's 
name, the operator code, the subject's name, the subject code, dates of measurements, time stamps of 

30 measurements, and the operator's answers to preliminary questions. Where storage addresses and storing 
methods are standardized, the subject or operator may receive individual supervision concurrently from a 
plurality of controllers. If the measured results are written to the storage means of the control unit 14, the 
subject or the operator can readily reference his past measurements therefrom. This is preferable in terms 
of better self-care. In particular, the storage means is preferably detachable, such as the card medium 16a 

35 (e.g., IC card), floppy disc or the like. Such storage means will allow the subject or the operator to utilize 
advantageously a plurality of control units 14 (at home, in the office, etc.). Because the subject or the 
operator can readily handle the portable card or like medium on his own, the subject or the operator finds it 
easy to manage his own medical data. This aspect of individual data management is desirable in view of 
protection of privacy. Furthermore, the easy handling of the storage medium makes it easier for a plurality 

40 of subjects and operators to share a single control unit 14. 

On the other hand, if the measured results are written to the storage means attached to the host 
computer or server 100, the controller such as a doctor may build the pathologic conditions of a plurality of 
subjects (e.g., patients) illustratively into a database for collective supervision, which is desirable for better 
health care from the controller's viewpoint. For this to be implemented, the measurements may be written 

45 both to the storage means of the control unit 14 and to the storage means of the host computer 100. For 
efficient communication, the measured results may preferably be transferred in batch form to the host 
computer or server when data transfer is requested by the controller, when the measured results have 
reached a threshold level (to trigger a command), or when the storage means of the control unit has 
become full. Under certain circumstances, it is also preferable to trigger data transfer depending on the 

so answer to a preliminary question. Any or all of the above alternatives may be selected in consideration of 
the pathologic conditions of the subject to be supervised, the life styles of the controller and of the subject, 
and the costs involved (communication costs in particular). If the communication means develops failure 
rendering the communication unavailable, the settings and the measurements are still held in the storage 
means of the control unit 14. In that case, there is no problem with measurement and judgment on the part 

55 of the control unit 14. 

The above-mentioned connection based on the communication line can afford additional benefits to the 
medical measurement apparatus of the invention. For example, in a home-care situation, it is important to 
respect the patient's right to know. In particular, a self-managing patient should preferably be encouraged to 
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crural care so as to gain better therapeutic results. With this 
take part actively in the performance of med.cal ^J°J%^J measuring items and criteria to be 
apparatus, too, it is desirable for mformafon about the confro e ^ ^ ^ 

*L avaiiabie to the subject or operator "P^^J'^Sh^ ~urc« as an extemai.y furnished 
possession may be connected via a -ommun.cat.on^ to ^ ° of the controller . Such a setup 

database and a database housed in the '^^^^ S^^^,^ or medical care from 
allows the subject or operator to retrieve .nformatio .about the examination (i . e ., purpose of the 

the control unit. The retrievable ^^sZl^t Sich te examination is to be performed), and 
examination), the examination method ^ manner m wh.c h ^ ^ ^ use Qf 

criteria for judgment (norma. vaU.es). Inf °^ n ^ ^ ^ ,„ the control unit a data source in the 
rT^oCMsTrr " ScSs i^al when the subject or operator is allowed to 

identifying the subject of on the amount of the target ana.yte in specimens 

doctor who is capable of making a specialized ^™™ ° n and judgme nt and display means for 

by use of specialized knowledge about the measured resul ts, ana ^ ^ selectively 

computing measurements based on the PrTJZ, *e medical measurement 

displaying relevant comments about questioning means for putting 

** Verifyi " 9 ^ ' S 

^^■^^^^^o, « «es the subject of measurement based on his 
identification data supplied by the operator measurement apparatus 10 of the invention 

are accumulated with respect to the ind.vidual subject^ measurements of one subject with 

Thus the inventive medical measurement apparatus 0 eliminated, the controller such as 

those of any other subject. With the possibility of "If*^ measurements, 
the doctor is not mis.ed to make erroneous f^^^J^^Oo constraints on the types of 
The medical measurement apparatus 10 of _ *e ' may preferably include personal data 
usable identification data about the subject ^£^S?£ a password^umber, the fingerprint and the 
such as the name and the date , of fcrth . the ID code such as p jn the physical form of a 

voice print of each subject. The « cat,on ™ y ™ ^operator. No specific constraints exist on the 

me » ure m« unless and un* botn an ID «rd M^J*,,, iden.1lca.ion oard of » 

operator authorized by the controller is to carry out the same. frQm inadvertently 

These arrangements are intended tc ' mod inc^ of da* 

a,te Thrrnf™ - — ion data - The same methods 

as those cited above for entering the ID data may be utilized. 



35 



40 



45 



50 



10 



BNSDOCID- <EP 068457SA1J_> 



EP 0 684 575 A1 



Similarly, there exist no specific limits to the way in which to limit the qualification for setting ID data 
only to the controller. Any one of various known methods for entering the subjects identification data such 
as the use of the controller's ID code may be utilized. 

The criterion setting means is used only by the controller such as a doctor who has specialized 

5 knowledge on medicine and who sets the items of measurement, the criteria for judging measured results, 
and comments and commands about the measurements with respect to the criteria. The settings can be 
made for each individual subject and in consideration of the changes over time in the subject's conditions. 

To make effective use of the measurements taken by the medical measurement apparatus requires 
selecting appropriate measuring items by taking into account the patient's pathologic conditions and 

10 symptoms, the result of the pregnancy test performed on a woman, a mothers physical conditions, and 
other relevant status of the subject in question. 

The measurements (measured results) taken in medical examination vary depending on a number of 
factors. These factors include the patient's pathologic conditions, physical differences among a plurality of 
subjects, the number of weeks of pregnancy for a pregnant woman, and other individual circumstances of 

75 the subject in question. 

The conventional medical measurement apparatuses have their measuring items established in advance 
and do not allow the items to be modified according to individual subjects. With all measurements 
displayed numerically by those apparatuses, any operator with no specialized knowledge finds it difficult to 
make a proper judgment on the measured results. 

20 In the conventional medical measurement apparatuses, even where criteria for judgment (i.e., cut-off 
values) are established, the criteria are fixed for all potential and actual patients. The comments about 
measurements with respect to the criteria are limited mostly to such simple statements as "high" and 
"low." In such a conventional setup, the subject is unable to grasp his conditions properly. 

In contrast, the medical measurement apparatus 1 0 of the invention allows suitable items of measure- 

25 ment to be selected for individual subjects by the controller. Illustratively, the measuring items are selected 
by purpose: for determining pregnancy, grasping the mother's physical conditions, and finding the patient's 
pathologic conditions. Appropriate criteria for judging the measured results are also set up, and a variety of 
comments about the measured results with respect to the criteria are provided by the controller such as 
doctor. Such comments provided by the controller may include: "You are in good health," "Contact our 

30 hospital as soon as possible," "See your doctor at our hospital as soon as possible," "Take the drug," 
"Stop taking the drug," and "Take measurements (of another measuring item)." It is also possible to set an 
appointment for the next measurement or examination. 

With the inventive medical measurement apparatus 10, such measuring items, criteria for judgment and 
comments may be set or modified as needed only by the controller such as a doctor with specialized 

35 knowledge. 

Commands may be executed in place of or in addition to the comments displayed. Although the display 
of comments may be regarded as a kind of commands, separate commands should preferably be furnished 
illustratively as follows: 

(1) A command may cause the apparatus to take measurements of another item X hitherto-unauthorized, 
40 triggering display of a comment "Measure X next" to prompt the operator to proceed with the 

measurement. 

(2) Another command may cause the apparatus to transmit an alarm to the host computer of the 
controller, to communicate with the controller's host computer via a communication line, or to place a 
telephone call to the controller. 

45 (3) On the basis of the measurements taken of the first target analyte, another command may cause the 
apparatus to modify the criteria for judging the second target analyte to be examined. 

(4) Another command may cause the apparatus to alter the constraints on the dates on which 
measurement is authorized. 

(5) Another command may cause the apparatus to transfer the measured results to the host computer or 
so server on the part of the controller. 

(6) Another command may cause the apparatus to call via a communication line an examination 
appointment status screen as well as such service programs as an examination appointment entry 
program from the controller's host computer or server. 

(7) Another command may cause the apparatus to retrieve information from relevant data sources (e.g., 
55 database). 

Execution of the above commands is desired in situations where the controller and the subject are 
separated over a long distance or where the measurement and the care involved are highly urgent. Where 
the subject or operator is not expected to seek relevant medical care promptly due to impediments such as 
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advanced age, the controller should preferably set in advance necessary measures as commands to ensure 

3PP AcClnTne'medica. measurement apparatus of the invention, individual subjects are allowed to 
take meTsurements best fit for themselves inside or outside medical institutions, to rece.ve experts 
udqment o n Th e" measurements in an individually customized manner, and to take necessary ac*on as 
nmmoteTsuch as visits to the doctor or changes in the frequency of measurement. Measurement and 
S^JSJ? J^nLl. available effectively and efficiency to those who need then. The , mescal 
^^SernlTaDDaratus allows the subjects to live with a sense of security at home or elsewhere by tak.ng 
Z7ZZZsZ a [":Z L verifying the experts judgments on their ^^^12, 
results provide a very effective aid to those engaged in taking care of the subjects. In short, the mrtw 
med cal measurement apparatus offers remotely provided, efficacious medical care to home-care s.tuat ons 

Z medical measurement apparatus of the invention is far supenor » 
systems or apparatuses in providing detailed and precise control over med.cal measurement by Jhe 
cSroTer such as a doctor and a pharmacist with specialized know.edge about med.cal care. The controller 
ca the apparatus is appropriately utilized and that '7"^^"^^^^ 

not result in misdiagnosis. It is also possible to inhibit the measurement of .terns not authonzed to a spec.f.c 
subject and to prevent the abuse of individually acquired measurement .nformabon. 

There are no specific constraints on the manner in which to set the items of measurem nt the ^ 
for judgment or comments. The same methods as those cited above in connection w.th the entty of 
dentificatio" data may also be employed. It is not necessary to match one measurmg . em w.th a s.ng e 
crSton and a sfngle comment; each measuring item may correspond to a plurality of cr.ter.a as well as to 
T£££* comments and commands. This makes it possib.e to provide more prec.se, f.ne-tuned med.ca. 

mea ^TZ^:ZS^^ on the way in which the controiler alone is allowed to set the 
L kew.se no spec subject's identification data and of the manner of entenng 

SSTS known mSoS^r boused, including the use of the controller's identification code 

to make entries into a predetermined subroutine dedicated to the controller. 

Befowt an example of how the controller alone is permitted to set the criterion settmg^ means. 
When a sublet (eg., patient) visits the medical institution to see the controller such as a doctor for 
med^rexamination, the controller stores into a "health care card" the Hems of measurement appropnate 
tTthe suSTs pathologic conditions, the criteria for judging measurements, comments and commands 
These seSngs aS stored by the controller using a reader-writer or a disc drive connected to ttie host 

CO The e co 0 ntr b c;L h ; hands the health care card thus prepared over to the relevant subject, father with the 

uniM^necks to see if the intended measurement is appropriate in view of the date and 
time erf t£e measurement and of the answers to preliminary questions put to the subject Then m 
rcordlncTwrSrcrteria set by the controller, the control unit 14 judges the measurements and d.splays 
an^ executes relevant comments and/or commands set by the controller. If the subject .s unable to 
oerfL ^measurement on his own, an operator may take over the measuring operates from that subject. 

TZ^rSe ^ecogmoX the analyzing section 12a, and for connection with the measunng un.t 

12 ' The judgment and display means computes measurements from electrical signals from the measuring 
unit 12 Colpalg the measurements with the criteria, the judgment and display means selects the 
appropriate comment and displays it on the display unit 20. 
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The judgment execution means computes measurements from electrical signals from the measuring 
unit 12. Comparing the measurements with the criteria, the judgment execution means selects the relevant 
command and causes the control unit 14 to execute that command. 

The illustrated medical measurement apparatus 10 of the invention preferably comprises storage means 
5 for storing and accumulating a plurality of measurements for each subject. The storage means is preferably 
constituted so that the controller retrieves the stored data as desired. 

With the constitution above, the controller such as a doctor may reference the accumulated measure- 
ments for subsequent treatment or measurement. Because the medical measurement apparatus 10 of the 
invention uses its identification means to identify the subject for measurement, the resulting measurements 
10 will not be mixed up with measurements of any other subject. This allows the controller to pass an accurate 
judgment on the relevant measurements of the subject in question. 

For the medical measurement apparatus 10 of the invention, the measurements or measured results 
include not only medically measured data but also the dates and time stamps of measurement, the 
measuring environment, measuring conditions, the subjects pathologic conditions, the subjects answers to 
is preliminary questions put to him, the subject's reactions to the measuring conditions in effect, ambient 
information such as temperatures obtained by temperature sensors, and other information associated with 
the measurement. 

The illustrated medical measurement apparatus 10 further includes questioning means for putting 
preliminary questions to the subject in connection with the target item to be measured, and verification 
20 means for verifying that measurement is performed under the measuring conditions established in 
accordance with the measuring item in effect. The questioning means and the verification means are 
constituted so that only the controller is authorized to set the preliminary questions as well as the 
measuring conditions. 

The medical measurements thus taken often vary depending on the subject's conditions. 
25 For example, measurements of urine hCG taken from trophoblastic disease vary significantly depending 
on the number of days that have elapsed since the subject underwent the operation. For pregnancy 
diagnosis, measurements of urine hCG also vary considerably depending on the number of days that have 
elapsed since the subject's previous menstruation period started. 

Measurements of blood hPL and urine estriol taken in order to grasp the pregnant woman's condition 
30 vary quite appreciably depending on the number of weeks of her pregnancy. 

Furthermore, measurements of aldosterone and plasma renin activity vary significantly depending on 
whether or not the subject is on an empty stomach at the time of measurement. 

Meanwhile, to take measurements of stool hemoglobin requires acquiring the measurements and 
referring thereto every day. 

35 To judge accurately those measurements thus requires altering or selecting the criteria for judgment 
(i.e., cut-off values) in accordance with the subject's condition. 

The medical measurement apparatus 10 of the invention preferably puts preliminary questions to the 
subject with respect to the measuring items. The apparatus is constituted preferably so that, depending on 
the answers to the questions, the apparatus selects the criteria for judgment, comments and/or commands 

40 to be used. 

For some measuring items, no measurements will be referenced and regarded as viable if the 
measuring conditions such as the measuring time, measuring period and temperatures are not strictly 
observed. 

For example, measurements of aldosterone and plasma renin activity are not considered reliable if not 
45 taken early in the morning. Where instructions are to be given to the subject for taking drugs, it should be 
noted that measurements of the current drug concentration in blood are dependent of the time at which the 
subject previously took the drug. When the medication time is entered into the system in response to a 
preliminary question, the doctor can subsequently give appropriate instructions to the subject. 

Thus the medical measurement apparatus 10 preferably includes the verification means for verifying 
so that measurement is performed under predetermined conditions. If an attempt is made to conduct 
measurement under conditions other than those determined beforehand, the system will not let measure- 
ment be carried out or will give an alarm. If necessary, the system is constituted to give an alarm at a 
prescribed measuring time so as to prompt the subject to take measurements. 

Preferably, only the controller is authorized to set the above-mentioned preliminary questions and 
55 measuring conditions. 

The arrangements above permit the medical measurement apparatus to provide individual subjects with 
more fine-tuned and customized medical measurement. 
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period was 3.0 ± 1 .0 ng/ml, the controller may alter the cut-off value to 4 ng/ml. This ensures more accurate 
measurement. 

In the example of Table 1 above, the urine LH concentration is allowed to be measured between 4:00 
and 8:00 a.m., and the criteria for judgment (cut-off values) center on 20 mlU/ml. 

5 It may happen that the urine LH concentration measurements over the past three months have indicated 

that the urine LH concentration during ovulation of a particular subject who wants to become pregnant is 
lower than that of the average woman (20 mlU/ml or higher). With the default settings in effect, it is difficult 
for the subject in question to find the peak urine LH concentration during ovulation. In that case, the 
measurable time may be set alternatively for 4:00 to 8:00 as well as for 16:00 to 20:00, the cut-off values 

w may be supplemented with a value of 10 mlU/ml, and the comments may be modified as shown below. 
These modifications allow the subject to find more precisely the peak urine LH concentration during 
ovulation. 

Preliminary Questions 

75 

1. Is this your first measurement? 

2. Is this your second or subsequent measurement? 

Cut-off Values and Comments 

20 

If your answer to preliminary question 1 is "YES": 

(Cut-off values): Lower than 10 mlU/ml 

(Comment): Take measurements again 12 hours later. 
25 (Cut-off values): 10 mlU/ml or higher, lower than 20 mlU/ml 

(Comment): Ovulation is expected within 48 hours. Take measurements again 12 hours later. 

(Cut-off values): 20 mlU/ml or higher 

(Comment): Ovulation is expected within 24 hours. 
If your answer to preliminary question 2 is "YES": 
30 (Cut-off values): 20 mlU/ml or higher 

(Comment): Ovulation is expected within 24 hours. 

(Cut-off values): Lower than 10 mlU/ml both last time and this time 

(Comment): Take measurements again 12 hours later. 

(Cut-off values): Lower than 10 mlU/ml last time, 10 mlU/ml or higher and lower than 20 mlU/ml this time 
35 (Comment): Ovulation is expected within 48 hours. 

(Cut-off values): 10 mlU/ml or higher last time, equal to or lower than previous measurement this time 
(Comment): Ovulation is expected within 24 hours. 

(Cut-off values): 10 mlU/ml or higher last time, equal to or higher than previous measurement and lower 
than 20 mlU/ml this time 

40 (Comment): Ovulation is expected within 36 hours. 

Regarding the urine hCG measurements for patients with trophoblastic disease shown in Table 1 above, 
the criteria for judgment and the comments are set in accordance with the number of weeks that elapsed 
since the day the subject was operated on. It may happen that when the patient with trophoblastic disease 
is apparently in remission, urine hCG measurements are desired to be taken to make sure that the patient 

45 has not relapsed. In that case, the preliminary questions, measurable time, cut-off values and comments in 
Table 1 may be modified as follows: 

Measurable Time 
4:00 to 8:00 a.m. 

50 

Preliminary Questions 

1. Is this your first measurement? 
55 2. Is this your second or subsequent measurement? 
Cut-off Values and Comments 

If your answer to preliminary question 1 is n YES": 
(Cut-off values): Lower than 1 mlU/ml 

19 



BNSDOCID: <EP 0684575A1_I_> 

i 



EP 0 684 575 A1 



10 



15 



20 



25 



(Comment): Take measurements again 2 week later. 

(Cut-off values): 1 mlU/ml or higher 

(Comment): See your doctor at our hospital within a week. 

If your answer to preliminary question 2 is "YES": 
(Cut-off values): Lower than 0.5 mlU/ml last time, less than 5 mlU/ml this time 
(Comment): Take measurements again 4 weeks later. 

(Cut-off values): Lower than 0.5 mlU/ml last time, 0.5 mlU/ml or higher th.s t.me 
(Comment): See your doctor at the hospital within a week. 

(Cut-off values): 0.5 mlU/ml or higher last time, lower than previous measurement th.s t.me 
this time 

/rnmm^ntv See vour doctor at our hospital within a week. 

(C ~heS, measures apparatus 10 of the invention is il.ustrative.y op. rated w m, now be 
described with reference to the flowcharts of Fig. 6 (controller's operat.ons) and Fig. 7 (operators 

° Pe |nS' the control such as a doctor with specialized knowledge sets up the medical r 1 !^^ 
appaSus 10 by inputting thereto various measurement-related requirements such as measunng .terns and 

Cri Tt f h°e r first enters an identification signal such as his password number 

to oet me aooTratus ready for entry of the measurement requirements. Then with each part.cu.ar subject m 
mind the%TnCer entSinto ^apparatus the subject's name (patient's name) £ 
item or items of measurement, criteria (cut-off values) for judging measurements regard«ig the_ specified 
mlLu ina item(s) comments to be issued when the measured results are above or below the cut-off 
Sue! ; the S iorTi measurement, the date for ending measurement, a perm.tted penod for 
measurement and the execution or nonexecution of a measuring time alarm, etc. 
TSTS^ir does not enter specific values or comments for any measuring item, the apparatus 

""IC "Jff of the keyboard 18 attached to the control unit 14. All data 
enteled^ou^ 18 is displayed on the display unit 22 for verification (this also applies when 

theP A fa^ - recal.ed and altered as needed by the 

C ° nt Each of the entries is stored into the corresponding memory in the control unit body 16 For example 
the pSl?s name and the patient's ID code are stored into the memory for the identification means; the 
measuTg temTcut-off values and comments are stored into the memory for the cntenon setfng means, 
and the ?mes fo starting measurement are stored into the memory for the vesication means 

When the medical measurement apparatus 10 is set up in the above manner, the apparatus .s ready for 

«, wCtSf medical measurement apparatus 10 starts to be used, an alarm marking the time for parting 
measurement is activated if the controller has set the apparatus for alarm activation. With the alarm 
activated, the apparatus enters a start-up state. ,pi PV ant 
In the start-up state, the patient (subject and operator) enters h.s name h.s ID cod f h and ^ e fr r ^ v . a h n * 
measuring items When a given item is entered, the control unit body 16 retrieves the ,tem from the 

45 "TaCenir^ ^cZT^^Zp is sounded and the start-up state is reached again. 

When the ^enterL ilem is correct, the patient's past measured resutts of this item are displayed on the 

^eZ! of measurement is verified next. If the entered date is not correct, the alarm beep is sounded 

50 ^ whe^e^dS^; moment is correct, the disp.ay unit 22 gives a comment ; say^g that the 
date is correct A specimen is then supplied to the measuring unit 12 and measurement is started. 

tS^Z£ signals (electrical signals) from the measuring unit 12 are sent to the judgment and d.splay 

55 ™7te -2^TZV™*ns, for its part, computes measured resutts from the received output 
sianlls seS tne relevant comment based on the measured results and according to the cntena for 
Xment Ind delays the comment on the disp.ay unit 22. At the same time, the date of measurement, 
the measured results and the other related data are stored into the storage means. 
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Alternative ways to operate the medical measurement apparatus 10 of the invention will now be 
described with reference to the flowcharts of Fig. 8 (controllers operations) and Fig. 9 (operator's 
operations). These examples are ones in which preliminary questions are put to the person operating the 
apparatus and the apparatus proceeds with measurement in accordance with the answers given in reply to 
5 these questions. 

The examples in Figs. 8 and 9 are primarily the same as those of Figs. 6 and 7 except that the 
preliminary questions are asked. The description that follows will center on the differences between the two 
groups of examples (the same will also apply to examples of Figs. 10 through 13 to be explained later). 

The controller, as in the earlier examples, first enters the patient's ID code or other appropriate 

10 identification data, as well as preliminary questions and comments about possible answers to the prelimi- 
nary questions (judgments). Later, the operator enters the measuring item(s) and the patient's ID code to 
check if the entered item is correct. In this example, the input of the patient's name is replaced by that of 
the patient's ID code and is thus omitted. Then a check is made to see if there are any preliminary 
questions that have been set. If such questions exist, they are displayed on the display unit 22. The 

75 operator enters answers to the preliminary questions, and proceeds with measurement by following 
predetermined procedures or in accordance with the instructions from the apparatus, as shown in the 
flowchart. 

Other alternative ways to operate the medical measurement apparatus 10 of the invention will now be 
described with reference to the flowcharts of Fig. 10 (controller's operations) and Fig. 11 (operator's 
20 operations). These examples are ones in which the settings of measurable dates and times vary with the 
measuring items. 

The controller unlocks the hardware (i.e., control unit body 16) using his password number or ID code, 
and enters the patient's ID code, the measurable items, measurement starting date, and other appropriate 
settings. In this example, the setting of the patient's name is replaced with the patient's ID code and is 

25 omitted. Then a check is automatically made to see if each measuring item is correct. The manner of 
conducting the check is the same as that discussed above in connection with attaching the measuring chip 
(i.e., analyzing section 12a or output section 12b) to the medical measurement apparatus 10. The comment 
to be displayed in any measuring item is stored in advance. 

The operator connects the measuring chip to the system and enters the patient's ID code. The system 

30 then verifies the patient's ID code, the measuring items (automatically checked by the measuring chip as 
mentioned), and the date and time of measurement, and passes judgments thereon. Where necessary, the 
display unit 22 displays comments relevant to these judgments. When all measuring conditions are found to 
match the set conditions, the operator proceeds with measurement by following predetermined procedures 
or according to the instructions given by the apparatus. 

35 Further alternative ways to operate the medical measurement apparatus 10 of the invention will now be 
described with reference to the flowcharts of Fig. 12 (controller's operations) and Fig. 13 (operator's 
operations). These examples are ones in which the medical measurement apparatus 10 is connected to the 
host computer 100 on the controller's side and in which the cut-off values for judging measured results are 
replaced by numerical operation expressions for cut-off purposes. The measured results are judged based 

40 on the computed values, and comments are displayed accordingly. 

The controller unlocks the software of the host computer using his password number or ID code. If 
there exists data representing past measurements, the controller may examine that data. The controller then 
specifies either new entry or entry modification. If any of the stored settings need to be modified in 
accordance with the result of examination of the patient's data, the controller alters the relevant measuring 

45 items, cut-off numerical operation expressions and other settings. For the new entry of settings, the 
controller inputs a new patient's name, measuring items and other data. The controller then locks the 
software. 

The operator connects the measuring chip to the apparatus and enters the patient's ID code. This 
causes the apparatus to verify the patient's ID code, the measuring items (automatically checked by the 

so measuring chip), date and time of measurement, and other settings. Comments relevant to the judgments 
by the apparatus are displayed on the display unit 22. When all conditions are found to match the set 
conditions, the operator proceeds with measurement by following predetermined procedures or according to 
the instructions provided by the apparatus. 

Other alternative ways to operate the medical measurement apparatus 10 of the invention will now be 

55 described with reference to typical displays on the display unit 22 shown in Fig. 14 (a control panel in effect 
when the controller starts entering settings), Fig. 15 (a control panel in effect when the controller enters 
measurement-related settings), Fig. 16 (a control panel in effect when the operator starts measurement), 
and Fig. 17 (a control panel showing the controller's comment when the operator ends measurement). The 
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, pan^o. F, 9 . -4 rec^lno »» 

co* luTSd. ^rino switch for se.ecung .he taro* .nalyte to bo analyzed, an entry dat 

" example of F, 9 . .6. , patient named T. Yamauchi- is .nte.ed with a code nam. -CHU1_- The 

ST^-^te (S ° the week on which to conduct measurement is not restncted, whereas to 

^ne^ator for her pan, operates the comrol unit 14 on the basis of the setting entered by the 
« cont^X^o, pj of nS. 16. in effec, when me STSSTJTSS. 
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displays a comment set by the controller in advance saying, "Congratulations. You are probably pregnant. 
Contact your doctor at the M hospital (call 03-XXXX-XXXX) as soon as possible." 

Typical operating procedures of the medical measurement apparatus 10 of the invention as well as the 
internal workings of the control unit 14 will now be described with reference to Figs. 18 (on the controller's 

5 side) and Fig. 19 {on the operator's side). The operations in Fig. 18 correspond to the flowchart of Fig. 6 as 
well as to the control panels (displayed on the display unit 22) of Figs. 14 and 15, and the operations in Fig. 
19 correspond to the flowchart of Fig. 7 as well as to the control panels of Figs. 16 and 17. 

When the controller starts an entry procedure by activating a group of subject entry commands, the 
control unit 14 (or host computer) enters an operation mode shown in Fig. 18. The controller ID code 

io entered through the keyboard is compared by a comparator 110 with the controller registration code stored 
in the storage means. In case of a match (a "true" output from the comparator), an AND gate 1 and an AND 
gate 2 are opened. The conditions entered and set from the keyboard 18 and from the push button 
switches and slide switches on the control panel are sent past the AND gate 1 for temporary storage into 
memory (RAM). When the "ENTER?" push button is clicked, the outout of the AND gate 2 becomes "true" 

75 so as to open an AND gate 3. The settings in the temporary memory are then written to the applicable 
regions in the storage means. 

Meanwhile, when the operator starts a group of measuring commands, the control unit or host computer 
enters a measurement mode shown in Fig. 19. In the measurement mode, the output of current time data 
from a built-in timer in the control unit 14 is compared by a comparator 112 with the settings of 

20 measurement date and time data stored in the storage means. If the output of the current time data from 
the timer falls on the allowed date and within the allowed time period, the comparator 112 outputs a "True" 
signal to open the AND gate 1 and an AND gate 3. Where the controller set alarm activation beforehand in 
the storage means, the opening of the AND gate 3 turns on a buzzer or other appropriate type of alarm. 
When the subject name is selected by use of a ring switch on the control panel of the control unit 14, the 

25 opening of the AND gate 1 is accompanied by the retrieval from the storage means of the patient's name, 
the patient's ID code and the relevant measuring items in accordance with the ring switch for the selected 
subject's name. The patient's ID code thus called up is compared by a comparator 114 with the subject's 
ID code entered from the keyboard. If the two codes coincide with each other (a "true" output from the 
comparator), the AND gate 2 is opened. With the AND gate 2 opened, the measuring item selected by a 

30 ring switch and the previously recalled measuring item are compared by a comparator 116. If the 
comparator 116 effects a "true" output, the output enables a switch that causes the installed measuring unit 
12 to start measurement. This in turn triggers the retrieval from the storage means of the criterion (cut-off 
value) C and the comment in effect when the measured result taken is lower than, equal to, or more than 
the cut-off value in accordance with the ring switch for the selected target analyte to be analyzed. 

35 Although not shown in Fig. 19, past measured results are retrieved if the comparator 116 effects the 
"True" output. The output of the comparator 116 opens the AND gate through which the past data is 
displayed on the control panel. 

When the operator installs the measuring unit 12, introduces a specimen into the measuring unit 12 
(i.e., analyzing section 12a), and turns on the measurement start switch (indicated by numeral 122 in Fig. 

40 19). This causes the measuring unit 12 to start measurement. The measured result of the target analyte is 
computed from the electrical signals supplied by the measuring unit 12. The value X is compared with the 
cut-off value C by comparators 118 and 120. Depending on whether X £ C or X < C, either an AND gate 4 
or an AND gate 5 is opened. Then the relevant comment set by the controller is sent through an OR gate 2 
for display onto the control panel. The measured result of the target analyte for analysis is stored into the 

45 storage means past an OR gate 1 along with such data as the patient's ID code, the measuring items and 
the measurable time. 

In the examples discussed above, not all items need to be stored into a single storage means. The 
items may be stored in a distributed manner in a plurality of storage means. Alternatively, the same data 
may be stored in duplicate fashion in a plurality of storage means. The alternative way of storing the same 

so data in a plurality of storage means is desirable from the standpoint of data security. The storage means 
may or may not be attached fixedly to the control unit. The storage means may be allocated in the host 
computer connected via communication lines, or may be of a type detachable from the control unit such as 
an IC card, as discussed earlier. 

When the controller sets commands with respect to the measurements taken according to the criteria, 

55 such commands may be formed in files as command groups and stored in the storage means. The 
command groups, written in a language executable by the CPU of the control unit, may include programs 
written in machine language, in macro control commands such as assembler, or in higher level languages 
such as C, FORTRAN and BASIC. It may be desired that the CPU control devices built in or externally 
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communication interface, modem, facs.m.le machine ■ comma nds that are specific to the 

above-mentioned command groups are "P^^^^SS^^* c ° mmands asSodated RS " 
respective devices. For example, ^^"STTi used depending on the nature of what 
232C port, parailel port or QPIB bus. Va "°^^^^^ there are commands that 

needs to be controlled and on the type of dev.ee t be comro judg m en t, the comments and 

are used to modify the preliminary ^.n^m^ meaS urab.e date and time. These 

commands about the measured resu. ts ace o d.ng to the c rfena, an ^ ^ q{ ^ 

groups of commands are furn.shed .n.t.ally to des.gr .ate .n , the pp particular setting of the 

Settings desired to be modified so that they may be that ? ogical addre ss may be 

criteria exists at a specific log.cal address on the ^hard ld.se .n th ^ jn ^ 

designated as a parameter 1 , and commands to -wrtwy . P*™ < by ^ controller , it is 

form of a preset command file. AKhough such command JW£Y as files inside the 

preferable to prepare beforehand a P^>^ ™ JJJ*. L nam e and parameters when setting 
system so that the controller may s.mply des, 9" at ! modifyin g a setting of the criteria requires 
up the commands. In the setup above, P^""™£J£ ™ e update commands), setting the 
three things: specifying a «"™"* ^rHnd setting the parameter 2 to designate the new 

parameter 1 to designate mod.f.cafon ^ rt ier. a comp«a^ compares ihe 

setting of the criteria. As in the case o the "7™^^^ analysis , the value X being computed 
cut-off value C with the measured result X JJ^2J^i ln J command file to be set by the 

from the electrical signals sent by *e = u™t£ cooe-po ^ ^ ^ ^ error . 

controller is retrieved from the storage means ^ e ^ d :~ rst t0 M al , commands beforehand in the 
plagued method for the ^^^J^^ 'Ja command file at the time of the controller's 

S2L5 iSST^S and may be replaced by any other means 

by which the control unit may execute commands^ deS cribed using specific terms, such 

=£=555=^====-" ~ 



EXPLOITATION IN INDUSTRY 



40 



45 



As .escribed, the medic, measurement apparatus ^^ s ^ 
care professionals such as doctors ^^*JM^J«* ^^^nrttutton. or elsewhere (e.g., at 
their attendants to readily perform «^ n E£J^ a £ 8nrtu , permits health-care experts such as 

3=3. ss: =sr s = r=r re ir^r m s sri 

providing appropriate medical care to their pat.ents. 



Claims 

50 1. 
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measured in a specimen; and 
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judgment and display means for computing the measured results based on said electrical signals 
from said measuring unit and for selectively displaying the comment relevant to said criteria with 
respect to the computed measured results. 

5 2. A medical measurement apparatus according to claim 1 , wherein said identification data is set only by 
said controller. 

3. A medical measurement apparatus according to claim 1 or 2, wherein said control unit includes storage 
means for storing a plurality of measured results, and wherein said controller retrieves the stored 

io measured results as desired. 

4. A medical measurement apparatus according to claim 3, wherein said storage means stores the 
measured results with respect to which said criteria are modified as needed. 

15 5. A medical measurement apparatus according to any one of claims 1 to 4, wherein said control unit 
includes either or both of questioning means and verification means, said questioning means being 
used to put preliminary questions to said subject in connection with said measuring items, said 
verification means being utilized to verify that measurement is performed under the measuring 
conditions established in accordance with said measuring items, and wherein only said controller is 

20 allowed to set said preliminary questions and said measuring conditions. 

6. A medical measurement apparatus according to any one of claims 1 to 5, wherein said control unit 
includes time stamp setting means for setting timer-counted time stamps to measure in keeping with 
said measuring items, and time stamp verification means for verifying that a given measurement was 

25 taken at the correspondingly set time of day, and wherein only said controller is allowed to set said 
time stamps. 

7. A medical measurement apparatus according to any one of claims 1 to 6, wherein said criterion setting 
means in said control unit is arranged to set commands either in place of or in conjunction with said 

30 comments, and wherein said judgment and display means is either replaced with or supplemented by 
judgment execution means for selectively executing said commands. 
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FIG. 2 
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FIG. 4 
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FIG. 7 
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FIG. 9 



Tuner 



Measuring Operations 



Current 
time 



Start input 



T 



Input measuring items 



Memory 



Measuring items 



Entered patient's 
name 



Entered patient's 
XD code 



Preliminary 
questions 



Comment to be 
displayed if 
answer to 
preliminary 
question is YES 
(•true* response) 



i 



Input measuring item 
patient- specif ic ? 



N 



Input patient's ID 
code 



Comment to be 
displayed if 
answer to 
preliminary 
question is NO 
("false" response) 



Cut-off values 



Comment to be 
displayed if 
measured result 
is lower than 
cut-off value 



Comment to be 
displayed if 
measured result is 
equal to or higher 
than cut-off value 



Measured results 
and related data 



Patient's ID 
code stored 
as patient- 
specific code? 



N 



Message 

"This measuring 
item is not 
authorized" 
displayed 



Preliminary questions 
set for input measuring 
item? 



N 



r 



1 



Display established 
preliminary question 
and judge entered 
answer thereto 
Typical preliminary 
question: 

" input patient ' s 
body temperature." 
Typical judgments 

YES if measurement 
is 37°C or higher 

NO if measurement 
is lower than 37°C 



2 



Display comment 
about answer to 
preliminary 
question 
Typical comment: 
'Measurement of 
this item is 
not necessary 
at present." 



Message "Proceed with 
measurement" displayed 



y 

| Start me asurement j 

| Display m easured result j 

TE 



Judge whether measured result is lower 
than, equal to or higher than cut-off 
value and display applicable comment 



Store measured results, measuring time and 
other related data into memory 



BNSDOCID: <EP 0684575A1 _l_> 



34 



EP 0 684 575 A1 



FIG. 10 



Entry Operations 
(by Controller) 



Start by attaching measuring 
unit to system 



Hardware key unlocked 
by controller 



■»| Input patient' 



■> | Input cut-off values] — 



Memory 



s name 



Input patient's ID 
code 



Input selected 
measuring items 



Input comment to be 
displayed if 
measured result is |— 
lower than cut-off 
value 



Input comment to fce 
displayed if 
measured result is 
equal to or higher 
than cut-off value 



Input date to 
start measurement 



Input date to 
end measurement 



input measurable 
time range 



Specify use/nonuse 
of alarm 



Entry 
desired? 



Store 
input 
contents 
into 

measuring 
unit memory 



j Hardware key locked by controller | 

~£ 



Entered patient 1 s 
name 



Entered patient ' s 
ID code 



Selected measuring 
items 



Terminate entry by detaching 

measuring unit from system 

and handing it over to operator 



Cut-off values 



Comment to be 
displayed if 
measured result 
is lower than 
cut-off value 



Comment to be 
displayed if 
measured result is 
equal to or higher 
than cut-off value 



Date to start 
measurement 



Date to end 
measurement 



Measurable 
time range 



Use/nonuse 
of alarm 



Measured results 
and related data 



BNSDOCID: <EP 0684575A1_I_> 



35 



EP 0 684 575 A1 



FIG. 11 
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FIG. 12 
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FIG. 13 
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FIG. 16 



0) 
■P 
cd 
Q 



CO 

on 

CO 

in 
o 



CO 
CD 

00 



CD 
O 



CD 
•o 
o 
o 

Q 
H 

CO 

-p 
e 

CD 
•H 
+J 
(0 

04 



I 

(ti 

CO 

-p 
fl 

0) 
*H 
-P 

td 

04 



o 

3 
CO 

E 

TO 
>- 

>£ 

SB 




■p 






c: 




-P 


CD CO 




•H 


6-H 
0) co 

•H >n 


CG 


TTn 

un 


CD 


.c 




<d 

t -P C 


ine 


CD 

M -P 


CD (d 


P iH 






CO E* 


u u 


ID 


<d co 


!<d O 




CD <D 


>H 4-1 




s: n 



o 
o 




t/> 

J* 

CO 

E 
a: 



-p 












c 




•H 




TJ 








<T5 




<D 




e 




to 










a> 


^ 


TJ 


p 


o 


o 


u 


>i 






a 


-p 


H 


o 




<D 




i— 1 




<D 


o 


CO 


>1 





• • 

cd 














a 




m jj 




a 


> 


CD 




CO 


0) 


CD 


M 


W 


0) 


Gu 


43 










c 


O 




•H 


> 


i— 1 


cd 




CO 



o 

c 
"> 

CO 

co 

CO 
CO 

Q 

4—* 

c 
a> 

co 

a. 
3E 



a. 
O 
I— 



<D 
U 
CD 

o 

•H 
rH 



a 
o 

CO 

o 
•p 



•a i 

CD o 
S* CD H 



O 

o 

d 
o 



i 

o 
o 

d 



cd 
-P 
<d 



-P T 
CO O 

<d o 
Pk o 



O 

o 




o 
•to 



o 

"GO 



o 
ko 



BNSDOCID: <EP 068457 5A1_L> 



41 



EP 0 684 575 A1 



FIG. 17 
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FIG. 18 
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FIG. 19 
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